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1
ANTENNA DRIVE APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims priority under 35
U.S.C. §119 to Japanese Patent Application 2012-154421,
filed on Jul. 10, 2012, the entire content of which 1s 1ncorpo-
rated herein by reference.

TECHNICAL FIELD

This disclosure relates to an antenna drive apparatus con-
figured to drive an antenna for transmission.

BACKGROUND DISCUSSION

In the related art, for example, an apparatus disclosed, in JP
2009-84829A (Reference 1), 1s known as an antenna drive
apparatus. The antenna drive apparatus 1s configured to acti-
vate four switching elements constituting a full-bridge circuit
(H-bridge circuit) by a drive circuit of a drive control unit
(drive ECU) to perform a switching operation to generate an
AC si1gnal of a predetermined frequency and supply a reso-
nant frequency corresponding to the above-described ire-
quency to an antenna. There 1s proposed to equalize 1mped-
ance values at two analogue circuit portions disposed with
respect to both electric wires of a wire harness electrically
connecting the drive control unit and the antenna for sup-
pressing a leak or the like of an electromagnetic wave from
the wire harness.

In JP 2009-84829A (Reference 1), there 1s no description
about driving of members other than the antenna by the drive
control unit. However, it 1s desired to also drive a sensing
member by the drive control unit for sensing approach or
contact of a person.

In other words, as illustrated in FIG. 7, a sensing member
92 1s mounted on a driven control unit 90 on which an antenna
91 is mounted. Then, a drive ECU 95 as the drive control unit
and the driven control unit 90 are electrically connected by a
pair ol electric wires W91 and W92 for supplying an AC
signal to the antenna 91. The drive ECU 95 and the driven
control unit 90 are also electrically connected by a pair of
clectric wires W93 and W94 for supplying a DC signal to the
sensing member 92. Furthermore, the drive ECU 95 and the
driven control unit 90 are electrically connected by a pair of
clectric wires W93 and W96 for outputting a sensing signal
(here, a lock sensing signal and an unlock sensing signal)
indicating sensing ol approach or contact of a person to the
drive ECU 95.

In this case, six electric wires W91 to W96 connecting the
drive ECU 95 and the driven control unit 90 are required and
hence 1ncrease 1n size and weight as an entire apparatus 1s
inevitable.

In JP 2007-162246A (Reference 2), a drive control unit
(vehicle-mounted controller) and an antenna and a sensing
member (touch sensor) are electrically connected via a com-
mon electric wire (connecting line) and setting resonant fre-
quencies of the antenna and the sensing member to be values
different from each other, whereby the antenna or the sensing
member may be selectively driven. However, in JP 2007-
162246A (Reference 2), even though the method of sensing
the approach or contact of a person 1n association with driving,
of the sensing member 1s 1ndicated, an electrical configura-
tion for outputting a sensing signal which indicates the fact
that the approach or the contact has been sensed to the drive
control unit 1s not described. In other words, 1t 1s estimated
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that an electric wire for outputting the sensing signal of the
sensing member to the drive control unit 1s additionally

required.

Therefore, providing two electric wires (connecting lines)
for connecting the drive ECU 93 and the driven control unit
90 and using these two electric wires commonly for power
supply to the antenna 91 and power supply to and output from
the sensing signal of the sensing member 92 are reviewed.
However, when the sensing signal 1s output when the antenna
91 1s being driven, for example, there 1s a probability of
erroneous sensing at the drive ECU 95 due to an AC signal
superimposed with the sensing signal. In addition, 11 the sens-
ing performance of the sensing member 92 1itself 1s deterio-
rated under the influence of an electromagnetic field when
driving the antenna 91, reliability of the sensing signal 1s
lowered accordingly.

A need thus exists for an antenna drive apparatus capable of
reducing the number of connecting lines with respect to a
drive control unit without impairing reliability of a sensing
member configured to sense approach or contact of a person.

SUMMARY

An aspect of this disclosure 1s directed to an antenna drive
apparatus having a drive control unit and an antenna electri-
cally connected to the drive control unit via a first connecting
line and via a second connecting line, and driven by an AC
signal supplied from the drive control unit at a first resonant
frequency, including: a first driven member electrically con-
nected to the drive control unit via the first connecting line and
via the second connecting line 1n parallel with the antenna and
driven by an AC signal supplied from the drive control unit at
a second resonant frequency different from the first resonant
frequency; a sensing member electrically connected to the
drive control unit via the first connecting line and via the
second connecting line in parallel with the antenna and driven
by a DC signal supplied from the drive control unit, the
sensing member being capable of sensing approach or contact
of a person and configured to output a sensing signal indicat-
ing the fact that the approach or the contact has been sensed to
the drive control unit via the first connecting line; and a stop
mechanism configured to stop a function of the sensing mem-
ber when an AC signal supplied to the antenna or the first
driven member 1s sensed.

In this configuration, the antenna 1s driven by the AC signal
having the first resonant frequency supplied from the drive
control unit via the first connecting line and via the second
connecting line. At thus time, although the AC signal having
the first resonant frequency 1s supplied also to the first driven
member from the drive control unit via the first connecting
line and via the second connecting line, since the first reso-
nant frequency 1s different from the second resonant fre-
quency, the first driven member 1s prevented from being
driven.

In contrast, the first driven member 1s driven by the AC
signal having the second resonant frequency supplied from
the drive control unit via the first connecting line and via the
second connecting line. At this time, although the AC signal
having the second resonant frequency 1s supplied also to the
antenna from the drive control unit via the first connecting
line and via the second connecting line, since the second
resonant frequency 1s different from the first resonant fre-
quency, the antenna 1s prevented from being driven.

The sensing member 1s driven by the DC signal supplied
from the drive control unit via the first connecting line and via
the second connecting line, and 1s capable of sensing
approach or contact of a person. The sensing member outputs
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the sensing signal indicating the fact that the approach or the
contact has been sensed to the drive control unit via the first
connecting line. However, when the AC signal to be supplied
to the antenna or the first driven member 1s sensed, the func-
tion of the sensing member 1s stopped by the stop mechanism.
Therefore, the sensing member does not perform a sensing
action at the same time when the antenna or the first driven
member 1s driven. In addition, since the sensing member does
not output the sensing signal when the antenna or the first
driven member 1s driven, the probability of erroneous sensing
or the like by the sensing signal being superimposed with the
first connecting line 1s reduced.

When the DC signal 1s supplied to the sensing member, the
DC signal 1s supplied also to the antenna and the first driven
member. However, the DC signal 1s cut in the respective
resonant circuits (capacitors), and hence the antenna and the
first driven member are not driven.

In this manner, even though the number of the connecting
lines with respect to the drive control unit 1s reduced, each of
the antenna, the first driven member, and the sensing member
may be operated adequately. Then, since the number of the
clectric wires for electrically connecting with the drive con-
trol unit can be reduced, reduction in size and weight as an
entire apparatus 1s achieved correspondingly.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the fol-
lowing detailed description considered with the reference to
the accompanying drawings, wherein:

FIG. 1 1s a perspective view 1illustrating an outside door
handle;

FIG. 2 1s a circuit block diagram 1llustrating an electrical
configuration of an embodiment disclosed here;

FIG. 3 15 a circuit block diagram illustrating an electrical
configuration of the same embodiment disclosed here;

FIG. 4A 1s a time chart illustrating an information signal
and drive signals;

FIG. 4B 1s a time chart illustrating a first LED drive signal
and drive signals;

FIG. 4C 1s a time chart illustrating a second LED drnive
signal and drive signals;

FIG. 5 15 a circuit block diagram illustrating an electrical
configuration of a modification of the embodiment disclosed

here;

FIG. 6 15 a circuit block diagram illustrating an electrical
configuration of a modification of the embodiment disclosed
here; and

FIG. 7 1s a circuit block diagram 1llustrating an electrical
configuration of the related art.

DETAILED DESCRIPTION

An antenna drive apparatus of a smart entry system (reg-
istered trademark) configured to lock and unlock a vehicle
door via a wireless communication with respect to a mobile
unit carried by a vehicle user according to an embodiment
disclosed here will be described.

As 1llustrated 1n FIG. 1, an door outer panel 1 which con-
stitutes the vehicle door 1s provided with an outside door
handle 2. The outside door handle 2 extends 1n the fore-and-
aft direction of the vehicle, and 1s attached to the door outer
panel 1 at two positions on the front and rear. The door outer
panel 1 1s formed with an inward depression 1a so as to face
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the outside door handle 2. This 1s for allowing a person to grip
the outside door handle 2 easily near a center thereof with his
or her hand.

The outside door handle 2 1s molded into a hollow shape
having an internal space by using, for example, a resin mate-
rial. The outside door handle 2 1s provided with a sensing area
which 1s capable of sensing approach or contact of a person on
an outer wall surface thereof. In other words, the outside door
handle 2 1s provided with a lock sensing area 3 which 1s
capable of sensing the approach or contact of a person’s hand
intended to lock the vehicle door on the outer wall surface
toward the front of the vehicle. In other words, the outside
door handle 2 1s provided with an unlock sensing area 4 which
1s capable of sensing the approach or contact of a person’s
hand 1ntended to unlock the vehicle door on the outer wall
surface 1n the middle part thereof, which serves as a gripping
portion. A substantially rectangular plate-shaped lock sensor
clectrode 5 formed of a metallic plate, for example, 1s stored
in the interior of the outside door handle 2 so as to be aligned
with the lock sensing area 3 near the front surface away from
the door outer panel 1, and a substantially rectangular plate-
shaped unlock sensor electrode 6 formed of a metallic plate,
for example, 1s stored so as to be aligned with the unlock
sensing area 4 near the door outer panel 1. The unlock sensor
clectrode 6 1s formed to be larger than the lock sensor elec-
trode 5.

A module 10 electrically connected to the lock sensor
clectrode 5 and the unlock sensor electrode 6 1s stored 1n the
outside door handle 2.

Subsequently, an electrical configuration of the embodi-
ment disclosed here will be described. As 1llustrated in F1G. 2,
the antenna drive apparatus includes the lock sensor electrode
5, the unlock sensor electrode 6, the module 10, and the drive
ECU 50 as a drive control unit. The module 10 1s connected to
one end of a first electric wire W1 as a first connecting line at
a first module side terminal T11, and the other end of the first
clectric wire W1 1s connected to a first control unit side
terminal 121 of the drive ECU 50. The module 10 1s con-
nected to one end of a second electric wire W2 as a second
connecting line at a second module side terminal 112, and the
other end of the second electric wire W2 1s connected to a
second control unit side terminal T22 of the drive ECU 50. In
other words, the module 10 and the drive ECU 50 are con-
nected by two wires including the first and second electric
wires W1 and W2.

The module 10 1s provided with an antenna resonant
capacitor 11 connected at one end thereof to the first module
side terminal T11, and an antenna coil 12 connected at one
end thereof to the other end of the antenna resonant capacitor
11. The other end of the antenna coil 12 1s connected to the
second module side terminal T12. The antenna resonant
capacitor 11 and the antenna coil 12 constitute an LF antenna
21, and constitute an LC series resonant circuit having a
resonant frequency 11 as a first resonant frequency. Therefore,
when an AC signal having a frequency coincident with the
resonant frequency 11 1s supplied from the drive ECU 50 via
the first and second electric wires W1 and W2, the antenna
coil 12 1s driven and a wireless signal 1s output ifrom the
antenna coil 12. The wireless signal 1s, for example, an
inquiry signal (request signal) to a mobile unit carried by a
vehicle user, and the mobile unit having recerved the inquiry

signal transmits a signal having an iherent 1D code.

The module 10 1s provided with a first LED capacitor 13
connected at one end thereof to the first module side terminal
111, and a first LED coil 14 connected at one end thereof to
the other end of the first LED capacitor 13. The other end of
the first LED coil 14 1s connected to the second module side
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terminal T12. The first LED capacitor 13 and the first LED
coil 14 constitute an LD series resonant circuit having a
resonant frequency 12 as a second resonant frequency. An
anode of an LED 15a and a cathode of an LED 156 are
connected to one end of the first LED coi1l 14, and a cathode
of the LED 15a and an anode of the LED 155 are connected
to the other end of the first LED coil 14 via a resistance 15c¢.
Theretfore, when an AC signal having a frequency coincident
with the resonant frequency 12 1s supplied from the drive ECU
50 via the first and second electric wires W1 and W2, etther
one of the LEDs 15a and 1554 1s driven and turned ON so as to
match the polarity of the AC current flowing 1n the first LED
coil 14. In other words, the LEDs 15a and 155 are driven by
using a resonant current of the LC series resonant circuit
composed of the first LED capacitor 13 and the first LED coil
14. The LEDs 15a and 155 constitute a first driven member 22
together with the first LED capacitor 13 and the first LED coil
14 or the like.

The module 10 1s provided with a second LED capacitor 16
connected at one end thereot to the first module side terminal
111, and a second LED coil 17 connected at one end thereof
to the other end of the second LED capacitor 16. The other
end of the second LED coil 17 1s connected to the second
module side terminal T12. The second LED capacitor 16 and
the second LED coil 17 constitute an LC series resonant
circuit having a resonant frequency 13 as a third resonant
frequency. An anode of an LED 18q and a cathode of an LED
185 are connected to one end of the second LED co1l 17, and
a cathode of the LED 18a and an anode of the LED 185 are
connected to the other end of the second LED coi1l 17 via a
resistance 18c¢. Therefore, when an AC signal having a fre-
quency coincident with the resonant frequency 13 1s supplied
from the drive ECU 50 via the first and second electric wires
W1 and W2, either one of the LEDs 184 and 1854 1s driven and
turned ON so as to match the polarity of the AC current
flowing 1n the second LED coil 17. In other words, the LEDs
18a and 186 are driven by using a resonant current of the LC
series resonant circuit composed of the second LED capacitor
16 and the second LED coil 17. The LEDs 18a and 185
constitute a second driven member 23 together with the sec-
ond LED capacitor 16 and the second LED coil 17.

The resonant frequencies 11 and 13 are set to frequencies
different from each other. For example, the resonant frequen-
cies 11 to 13 are set to be frequencies which 1s lower 1n this
order. The resonant frequencies 12 and 13, being set to fre-
quencies such that resonant systems of the driven member
may be separated from each other, may prevent simultaneous
activation such that one LED 1s slightly turned ON while the
other LED 1s ON.

The module 10 1s provided with a sensor IC 30 as a sensing
member. The sensor IC 30 1s connected at a lock sensing input
terminal 31 and an unlock sensing mput terminal 32 to the
lock sensor electrode 5 and the unlock sensor electrode 6
respectively, and 1s connected at a sensing signal output ter-
minal 33 to the first module side terminal T11.

The sensor IC 30 includes a lock and unlock sensor 30a
which constitutes a known electrostatic capacitance type sen-
sor or the like together with the lock sensor electrode S and the
unlock sensor electrode 6, and power 1s supplied by the lock
and unlock sensor 30a to the lock sensor electrode 5 and the
unlock sensor electrode 6 via the lock sensing input terminal
31 and the unlock sensing input terminal 32. The lock and
unlock sensor 30a senses approach or contact of a person’s
hand to the lock sensing area 3 or the unlock sensing area 4 by
detecting variations in electrostatic capacitance of the lock
sensor electrode 3 and the unlock sensor electrode 6 each with
respect to the door outer panel 1. The lock and unlock sensor
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30a outputs a lock sensing signal or an unlock sensing signal
as a sensing signal which indicates the fact that the approach
or the contact has been sensed from the sensing signal output
terminal 33 to the first module side terminal T11 (first electric
wire W1). More specifically, the lock and unlock sensor 30a
includes known switching means, and, for example, gener-
ates and outputs pulsed signals which are turned ON and OFF
at cycles different from each other as the lock sensing signal
and the unlock sensing signal.

The sensor IC 30 1s connected to one end of a resistance 41
at a power source terminal 34, and the other end of the resis-
tance 41 1s connected to a cathode of a diode 42 for protecting
IC, and an anode of the diode 42 1s connected to the first
module side terminal T11. The sensor IC 30 1s connected to
the second module side terminal T12 at a ground terminal 35.
Therefore, the sensor IC 30 1s driven by a DC signal supplied
from the drive ECU 50 to the power source terminal 34 and
the ground terminal 35 via the first and second electric wires
W1 and W2.

Furthermore, the sensor IC 30 1s connected to one end of a
resistance 43 at the power source terminal 34, and the other
end of the resistance 43 1s connected to each cathode of three
diodes 44. Anodes of the diodes 44 are connected to the first
module side terminal T11 via the antenna resonant capacitor
11, the first LED capacitor 13, and the second LED capacitor
16, respectively. Then, a smoothing capacitor 45 1s connected
between the power source terminal 34 and the ground termi-
nal 35. Therefore, when an AC signal having a frequency
coincident with any one of the resonant frequencies 11 to 13 1s
supplied to the sensor IC 30 from the drive ECU 50 via the
first and second electric wires W1 and W2, (that 1s, when any
one of the antenna coil 12, the LEDs 15a and 1554, and the
LEDs 18a and 18b 1s driven), the sensor IC 30 1s driven by a
current rectified by the corresponding diode 44, smoothened
in the capacitor 45 and supplied to the power source terminal
34 and the ground terminal 35 as a DC signal.

The sensor IC 30 i1s connected to one end of a voltage
dividing resistance 46 at an AC drive sensing terminal 36 and
the other end of the voltage dividing resistance 46 1s con-
nected to the ground terminal 35. The sensor IC 30 1s con-
nected to one end of a voltage dividing resistance 47 at the AC
drive sensing terminal 36 and the other end of the voltage
dividing resistance 47 1s connected to each cathode of three
diodes 48. Anodes of the diodes 48 are connected to the first
module side terminal T11 via the antenna resonant capacitor
11, the first LED capacitor 13, and the second LED capacitor
16, respectively. Therefore, when an AC signal having a fre-
quency coincident with any one of the resonant frequencies 11
to 13 1s supplied to the sensor IC 30 from the drive ECU 50 via
the first and second electric wires W1 and W2, (that 1s, when
any one of the antenna coil 12, the LEDs 15a and 155, and the
LEDs 18a and 18b 1s driven), a voltage rectified by the cor-
responding diode 48, and divided by the voltage dividing
resistances 46 and 47 1s supplied to the AC drive sensing
terminal 36.

The sensor IC 30 has an AC drive sensor 3054, and senses
the voltage divided by the voltage dividing resistances 46 and
4’7 by the AC drive sensor 305. Then, the AC drive sensor 305
determines whether or not either one of the antenna coil 12,
the LEDs 15a and 1554, and the LEDs 18a and 1854 1s 1n a state
of being driven (whether or not either one of the LF antenna
21, the driven member 22, and the driven member 23 1s 1n a
state ol being in AC driving) on the basis of a level (effective
value) of the voltage divided by the voltage dividing resis-
tances 46 and 47. Specifically, the AC drive sensor 3056
includes, for example, a comparator or the like, and deter-
mines that one of the antenna coil 12, the LEDs 154 and 1554,
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and the LEDs 18a and 185 1s 1n a state of being driven when
the level of the voltage exceeds a threshold value set in
advance.

The sensor IC 30 1includes a stop control unit 30c¢ as a stop
mechanism, and acquires the result of determination 1n the
AC dnive sensor 3056 by the stop control unit 30c. Then, the
stop control unit 30¢ stops a function of the sensor IC 30 when
any one of the antenna coil 12, the LEDs 15a and 155, and the
LEDs 18a and 185 1s determined to be 1n a state of being
driven. Specifically, the stop control unit 30c¢ transmuits a stop
command to the lock and unlock sensor 30a, and stops an
output of the sensing signal from the sensing signal output
terminal 33. Alternatively, the stop control unit 30¢c may stop
a power supply to the lock sensor electrode 5 and the unlock
sensor electrode 6 by the lock and unlock sensor 30a. Alter-
natively, the stop control unit 30¢ may stop the entire function
of the lock and unlock sensor 30aq.

Needless to say, when none of the antenna coil 12, the
LEDs 154 and 154, and the LEDs 184 and 185 1s determined
to be 1n a state of being driven by the AC drive sensor 305, the
stop control unit 30¢ cancels the stop of the function of the
sensor 1C 30.

In contrast, the drive ECU 350 1s mainly composed of, for
example, a microcomputer, and includes a lock and unlock
control unit 50a and a power source supply unit 505. The lock
and unlock control unit 50q 1ssues a vehicle door lock com-
mand by recetving an input of a lock sensing signal from the
first control unit side terminal T21 via the first electric wire
W1 and also 1ssues a vehicle door unlock command by receiv-
ing an iput of an unlock sensing signal.

The power source supply unit 5056 includes four switching
clements 51, 52, 53, and 54 each composed, for example, of
an nMOS transistor, and a drive circuit 35 for activating the
switching elements 51 to 54 to perform a switching action as
illustrated in FIG. 3.

The switching element 51 1s connected at the drain thereof
to the battery Va and at a source thereof to a drain of the
switching element 52, and at a gate thereof to the drive circuit
55. The switching element 52 1s grounded at a source thereof
and 1s connected at a gate thereof to the drive circuit 55. A
drain of the switching element 52 (and the source of the
switching element 51) 1s connected to the first control unit
side terminal 121 via a resistance R.

In the same manner, the switching element 53 1s connected
at 1ts drain to the battery Va and at the source thereof to a drain
of the switching element 54, and at the gate thereof to the
drive circuit 35. The switching element 54 1s grounded at a
source thereol and 1s connected at a gate thereot to the drive
circuit 55. A drain of the switching element 54 (and the source
of the switching element 53) 1s connected to the second con-
trol unit side terminal T22.

The switching elements 31 to 54 constitute a so-called
H-bridge circuit, and are each configured to generate an AC
signal or a DC signal by performing the switching action 1n
accordance with drive signals Sa, Sb, Sc, and Sd output from
the drive circuit 55, and output and supplies the same to the
module 10 via the first and second electric wires W1 and W2.

For example, when the antenna coil 12 1s driven, as 1llus-
trated 1n FI1G. 4(a), the drive signal Sa and Sd repeat ON and
OFF 1n a pulsed manner at a frequency coincident with the
resonant frequency 11 during a ON period of an information
signal which 1s turned ON and OFF (switched between a H
(high) level and a L (low) level) at frequencies sulficiently
lower than the resonant frequency 11, and the drive signal Sb
and Sc repeat ON and OFF 1n a pulsed manner so as to be an
opposite polarity to that of the drive signal Sa and Sd at the
frequency coincident with the resonant frequency 11. There-
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fore, 1t 1s assumed that the drive signal Sa and Sd are 1n the ON
state and the drive signal Sb and Sc are in the OFF state. In this
case, the first electric wire W1 connected to the first control
unit side terminal T21 1s connected to the battery Va via the
resistance R and the switching element 51, and the second
clectric wire W2 connected to the second control unit side
terminal T22 1s grounded via the switching element 54 by the
ON operations of only the switching elements 51 and 54.

In contrast, 1t 1s assumed that the drive signal Sa and Sd are
in the OFF state and the drive signal Sb and Sc are in the ON
state. In this case, the first electric wire W1 connected to the
first control unit side terminal T21 1s grounded via the resis-
tance R and the switching element 52, and the second electric
wire W2 connected to the second control unit side terminal
122 1s connected to the battery Va via the switching element
53 by the ON operations of only the switching elements 52
and 53.

Accordingly, the AC signal having a frequency coincident
with the resonant frequency 11 1s supplied to the LC series
resonant circuit (LF antenna) which 1s composed of the
antenna resonant capacitor 11 and the antenna co1l 12 so as to
be aligned with the ON period of the information signal, so
that the antenna coil 12 1s driven. Accordingly, the above-
described wireless signal 1s output from the antenna coil 12.
The above-described AC signal 1s supplied also to the LC
series resonant circuit composed of the first LED capacitor 13
and the first LED coil 14 and the LC series resonant circuit
composed of the second LED capacitor 16 and the second
LED coil 17. However, the LEDs 154 and 155 and the LEDs
18a and 185b are not driven because the resonant frequency 1s
not 12 or 13.

Alternatively, when the LEDs 15a and 1556 are driven, as
illustrated 1n FIG. 4(b), the drive signal Sa and Sd repeat ON
and OFF 1n a pulsed manner at a frequency coincident with
the resonant frequency 12 during a ON period of a first LED
drive signal which 1s turned ON and OFF at frequencies
suificiently lower than the resonant frequency 12, and the
drive signal Sb and Sc repeat ON and OFF 1n a pulsed manner
so as to be an opposite polarity to that of the drive signal Sa
and Sd at the frequency coincident with the resonant fre-
quency 12. Therefore, 1t 1s assumed that the drive signal Sa
and Sd are 1n the ON state and the drive signal Sb and Sc are
in the OFF state. In this case, the first electric wire W1
connected to the first control unit side terminal 121 1s con-
nected to the battery Va via the resistance R and the switching
element 51, and the second electric wire W2 connected to the
second control unit side terminal T22 i1s grounded via the
switching element 54 by the ON operations of only the
switching elements 51 and 54.

In contrast, 1t 1s assumed that the drive signal Sa and Sd are
in the OFF state and the drive signal Sb and Sc are in the ON
state. In this case, the first electric wire W1 connected to the
first control unit side terminal T21 1s grounded via the resis-
tance R and the switching element 52, and the second electric
wire W2 connected to the second control unit side terminal
122 1s connected to the battery Va via the switching element
53 by the ON operations of only the switching elements 52
and 53.

Accordingly, the AC signal having the frequency coinci-
dent with the resonant frequency 12 1s supplied to the LC
series resonant circuit composed of the first LED capacitor 13
and the first LED co1l 14 so as to align with the ON period of
the first LED drive signal, and either one of LED 13a or 1356
1s driven and turned ON so as to match the polarity of the AC
current flowing 1n the first LED coil 14. The above-described
AC signal 1s supplied also to the LC series resonant circuit
composed of the antenna resonant capacitor 11 and the




US 8,854,114 B2

9

antenna coil 12 and the LC series resonant circuit composed
of the second LED capacitor 16 and the second LED coi1l 17.
However, the antenna coil 12 and the LEDs 18 and 185 are
not driven because the resonant frequency 1s not 11 or 13.

In addition, when the LEDs 18a and 186 are driven, as
illustrated 1n FIG. 4(c), the drive signal Sa and Sd repeat ON
and OFF 1n a pulsed manner at the frequency coincident with
the resonant frequency 13 during a ON period of a second
LED drive signal which 1s turned ON and OFF at frequencies
suificiently lower than the resonant frequency 13, and the
drive signal Sb and Sc repeat ON and OFF 1n a pulsed manner
so as to be an opposite polarity to that of the drive signal Sa
and Sd at the frequency coincident with the resonant fre-
quency 13. Therefore, 1t 1s assumed that the drive signal Sa
and Sd are 1n the ON state and the drive signal Sb and Sc are
in the OFF state for example. In this case, the first electric wire
W1 connected to the first control unit side terminal T21 1s
connected to the battery Va via the resistance R and the
switching element 51, and the second electric wire W2 con-
nected to the second control umit side terminal T22 1s
grounded via the switching element 54 by the ON operations
of only the switching elements 51 and 34. In contrast, it 1s
assumed that the drive signal Sa and Sd are 1n the OFF state
and the drive signal Sb and Sc are 1n the ON state. In this case,
the first electric wire W1 connected to the first control unit
side terminal T21 1s grounded via the resistance R and the
switching element 52, and the second electric wire W2 con-
nected to the second control unit side terminal T22 15 con-
nected to the battery Va via the switching element 53 by the
ON operations of only the switching elements 52 and 353.

Accordingly, the AC signal having the frequency coinci-
dent with the resonant frequency 13 1s supplied to the LC
series resonant circuit composed of the second LED capacitor
16 and the second LED coil 17 so as to align with the ON
period of the second LED drive signal, and either one of LED
18a or 185 1s driven and turned ON so as to match the polarity
of the AC current tlowing in the second LED coil 17. The
above-described AC signal 1s supplied also to the LC series
resonant circuit composed of the antenna resonant capacitor
11 and the antenna co1l 12 and the LC series resonant circuit
composed of the first LED capacitor 13 and the first LED coil
14. However, the antenna coil 12 and the LEDs 15a and 1556
are not driven because the resonant frequency 1s not 11 or 12.

Here, when any one of the antenna coil 12, the LEDs 154
and 1554, and the LEDs 184 and 185 are driven, the sensor IC
30 1s driven by a current rectified by the corresponding diode
44, smoothened 1n the capacitor 45 and supplied to the power
source terminal 34 and the ground terminal 35 as a DC signal.
Alternatively, when the drive signal Sa and Sd become the ON
state and the drive signal Sb and Sc become the OFF state, the
first electric wire W1 1s connected to the battery Va and the
second electric wire W2 1s grounded, and hence the DC signal
1s supplied to the power source terminal 34 and the ground
terminal 35, so that the sensor IC 30 1s driven.

Subsequently, the operation of an embodiment disclosed
here will be described.

As described above, the antenna coil 12, the LEDs 15a and
156, and the LEDs 18a and 1856 are selectively driven 1n
accordance with the frequency of the AC signal supplied from
the drive ECU 50 via the common first and second electric
wires W1 and W2. The sensor IC 30 1s driven by the DC s1gnal
supplied from the drive ECU 30 via the same common first
and second electric wires W1 and W2. Then, the sensor IC 30
(lock and unlock sensor 30a) outputs the lock sensing signal
or the unlock sensing signal to the drive ECU 50 also via the
same common first electric wire W1. Therefore, an electrical
connection between the module 10 (the antenna coil 12, the
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LEDs 154 and 1554, the LEDs 18a and 1854, and the sensor IC
30) and the drnive ECU 350 1s achieved only with two wires; the
first and second electric wires W1 and W2.

In particular, i the sensor IC 30, when the AC drive sensor
306 determines that any one of the antenna coi1l 12, the LEDs
15a and 155, and the LEDs 18a and 185 are 1n a state of being
driven, the Tunction of the sensor IC 30 (the lock and unlock
sensor 30a) 1s stopped by the stop control unit 30c¢. Therefore,
the lock and unlock sensor 30a does not perform the sensing
action at the same time when any one of the antenna coil 12,
the LEDs 154 and 1554, and the LEDs 184 and 185 are 1n a
state of being driven. Since the lock and unlock sensor 30a
does not output the lock sensing signal or the unlock sensing
signal when any one of the antenna coil 12, the LEDs 154 and
155, and the LEDs 18a and 185 are 1n a state of being driven,
the probability of erroneous sensing or the like by the sensing
signal being superimposed with the AC signal of the first
electric wire W1 1s reduced.

As described above 1n detail, the following advantages are
achieved according to this embodiment.

(1) In the embodiment disclosed here, even when the elec-
trical connection between the module 10 and the drive ECU
50 1s composed of two wires of the first and second electric
wires W1 and W2 (multiple communication line), each of the
antennacoil 12 the LEDs 15a and 155, the LEDs 18a and 185,
and the sensor IC 30 may be operated adequately. Then, the
number of the wires for electrically connecting between the
module 10 and the drive ECU 50 may be reduced, and reduc-
tion of size and weight as an entire apparatus 1s achieved
correspondingly, so that cost reduction 1s achieved.

(2) In the embodiment disclosed here, the drive ECU 350
(the power source supply unit 506) 1s capable of generating a
plurality of types of AC signals or DC s1gnals having frequen-
cies different from each other 1n an extremely simple circuit
configuration such as controlling the switching actions of the
plurality of switching elements 31 to 54.

(3) Inthe embodiment disclosed here, the terminals needed
tfor electrically connecting the module 10 and the drive ECU
50 are only two on the module 10 side (the first and second
module side terminals T11 and T12) and two on the drive
ECU 50 side (the first and second control unit side terminals
121 and T22), cost reduction 1s achieved.

(4) In the embodiment disclosed here, driving of the
antenna coil 12, the LEDs 15a and 154, the LEDs 18a and 1854
and the sensor IC 30 1s performed by the common power
source supply umt 505 of the drive ECU 50 (the switching
clements 51 to 54 and the drive circuit 35), and hence the
circuit configuration may be simplified and reduction of cost
1s achieved.

(5) In the embodiment disclosed here, when any one of the
antennacoil 12, the LEDs 15q and 1554, and the LEDs 18a and
18b 1s driven, the sensor IC 30 1s driven by a current rectified
by the corresponding diode 44, smoothened 1n the capacitor
45 and supplied as a DC signal. Alternatively, when all of the
antenna coil 12, the LEDs 15q and 1554, and the LEDs 18a and
185 are not driven, the sensor IC 30 1s driven by the supply of
the DC signal from the drive ECU 30 via the first and second
electric wires W1 and W2. In this manner, the sensor IC 30
may be maintained 1n the state of being driven by continuing
the supply of the DC signal to the sensor 1C 30.

The embodiment described above may be modified as fol-
lows.

As 1llustrated 1in FIG. 5, the second module side terminal
112 of the module 10 may be grounded (for example, the
housing grounding by means of the vehicle body) via an
electric wire W3 instead of the second electric wire W2. Then,
the drive ECU 50 side may be grounded separately from the
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module 10 in the same manner (for example, the housing
grounding by means of the vehicle body). In this case, the
second connecting line for electrically connecting the module
10 and the drive ECU 50 1s composed of the vehicle body as
a housing. Theretore, the electric wire W3 does not have to be
laid along the entire part between the module 10 and the drive
ECU 50 as the electric wire W2, and hence may be shortened
correspondingly, so that further reduction 1n size and weight
as the entire apparatus 1s achieved.

As 1llustrated 1n FIG. 6, a buzzer 61 may be driven 1nstead
of the LEDs 18a and 184. In other words, the module 10 1s

provided with a buzzer capacitor 62 connected at one end
thereofto the first module side terminal T11, and a buzzer coil
63 connected at one end thereof to the other end of the buzzer
capacitor 62. The other end of the buzzer coil 63 1s connected

to the second module side terminal T12. The buzzer capacitor
62 and the buzzer coil 63 constitute the LC series resonant
circuit having a resonant frequency 111 (=11, 12) as a third
resonant frequency. A series circuit of a resistance 64 and the
buzzer 61 1s connected to the buzzer coil 63 in parallel.
Theretfore, when the AC signal having a frequency coincident
with the resonant frequency 111 1s supplied from the drive
ECU 50 viathe first and second electric wires W1 and W2, the
buzzer 61 1s driven. In other words, the buzzer 61 1s driven by
using a resonant current of the LC series resonance circuit
composed of the buzzer capacitor 62 and the buzzer coil 63.
The buzzer 61 constitutes a second driven member 63
together with the buzzer capacitor 62 and the buzzer coil 63.

In this case, the LEDs 154 and 1556 and the buzzer 61 may
be selectively driven by supplying the AC signal having the
corresponding resonant frequency. Therefore, notification by
light of the LEDs 154 and 1556 and notification by the sound
of the buzzer 61 may be selectively utilized so as to match the
surrounding environment, for example.

The resonant frequency 111 may be brought nto coinci-
dence with the resonant frequency 12. In this case, the LEDs
15a and 1556 and the buzzer 61 may be driven at the same time
by supplying the AC signal having the resonant frequency 12
(111). Accordingly, the notification by the light of the LEDs
15a and 155 and the notification by the sound of the buzzer 61
may be combined. Then, the state of the vehicle may be
indicated to the vehicle user through visual or auditory
SENses.

Also, the LEDs 154 and 155, and the first LED capacitor 13
and the first LED coil 14 relating to lighting thereof may be
omitted. In this case, only the notification by the sound of the
buzzer 61 may be utilized.

In the embodiment described above, one of the LEDs 154
and 155 and the LEDs 18a and 185, and the circuit relating to
the driving thereol may be omutted.

In the embodiment described above, three or more of the
LED (or LED pair) driven by frequencies different from each
other may be provided. When there are a plurality of the LED
driven by the frequencies different from each other, these
LEDs may have different emission colors. In this case, the
LEDs having different emission colors may be selectively
driven. Then, the state of the vehicle may be indicated to the
vehicle user through the emission colors. For example, when
the emission color 1s “red”, it may indicate that the vehicle
door 1s 1n the unlocked state, and when the emission color 1s
green, 1t may indicate that the vehicle door 1s 1n the locked
state. Alternatively, when the emission color 1s white, 1t may
be functioned as a welcome light or a footlight.

In the embodiment disclosed here, when at least one LED
(or a pair of LEDs) 1s provided, the state of the vehicle (for
example, the unlocked state and the locked state of the vehicle
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door) may be notified to the vehicle user depending on light-
ing patterns of the LEDs (flashing, constant lighting, etc.).

In the embodiment disclosed here, when at least one buzzer
1s provided, the state of the vehicle (1or example, the unlocked
state and the locked state of the vehicle door) may be notified
to the vehicle user depending on sounding pattern of the
buzzer (long sound, short sound, etc.).

In the embodiment disclosed here, the required number of
the driven members driven by the supply of the AC signal by
the drive ECU 50 15 at least one. In this case, by combining the
L. and C of the resonant circuit (LC series resonant circuit),
which constitutes the driven member, the corresponding
driven member may be driven at a give frequency.

In the embodiment disclosed here, outputs of the respective
types of the AC signals to be supplied to the module 10 may
be changed by controlling the duty ratio of the switching
actions of the switching elements 51 to 54 by the drive ECU
50 (the power source supply unit 505). In this case, for
example, adjustments of the output of the antenna coil 12 (the
LF antenna 21), the light-emitting intensities of the LEDs 15a
and 155 or the LEDs 18a and 185, or the volume level of the

buzzer 61 are achieved.

In the embodiment disclosed herein, the lock and unlock
control unit 50a may be prevented from inputting the lock
sensing signal or the unlock sensing signal when the power

source supply unit 506 of the drive ECU 50 drives one of the
antenna coil 12, the LEDs 15q and 1554, and the LEDs 18a and
185 (or the buzzer 61).

In the embodiment described above, the respective AC
signals may be generated so that the cycles corresponding to
the frequencies thereol becomes multiples of the cycle cor-
responding to the frequency of the AC signal which drives the
antenna coil 12 (the resonant frequency 11).

In the embodiment disclosed here, the lock sensing signal
and the unlock sensing signal may be configured to be 1den-
tified by difference in voltage level with each other.

In the embodiment disclosed here, the arrangements of the
lock sensing area 3 and the unlock sensing area 4 in the
outside door handle 2 and arrangements and the shapes of the
lock sensor electrode 5 and the unlock sensor electrode 6

corresponding thereto may be changed as needed.

In the embodiment disclosed here, one of sensing of
approach or contact of person’s hand to the lock sensing area
3 by the lock and unlock sensor 30a and sensing of approach
or contact of person’s hand to the unlock sensing arca 4 may
be omitted.

In the embodiment disclosed here, the AC drive sensor 305
of the sensor IC 30 may be configured to sense the driving of
the antenna coil 12 or the like by detecting the voltage change
of the power source terminal 34, for example.

In the embodiment disclosed here, the AC drive sensor 305
of the sensor IC 30 may be configured to sense the driving of
the antenna coil 12 or the like by monitoring the voltage
change of the power source terminal 34, for example. Alter-
natively, the driving of the antenna coil 12 or the like may be
sensed by disposing a so-called transformer-coupling coil 1n
the vicinity of the antenna coil 12, the first LED coil 14, and
the second LED co1l 17 (or the buzzer coil 63) and causing the
AC drive sensor 3056 of the sensor IC 30 to monitor the AC
voltage itroduced by these coils.

In the embodiment disclosed here, the sensor IC 30 may be
configured to sense the approach or contact of a person by one
of or a given combination of a electrostatic capacitance type
sensor, a shock sensor, a pyroelectric sensor, a pressure sen-
sor, an infrared sensor, and an RFID.
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In the embodiment disclosed here, a wireless signal output
from the LF antenna 21 1s not limited to an AM modulation
and, may be an FM modulation, for example.

In the embodiment disclosed herein, the module 10 may be
installed 1n a vehicle door, 1n a door knob, 1n a pillar, 1n a side
mirror, 1n a cabin or the like.

The embodiment disclosed here may be applied to a so-
called tire pressure monitor system (ITPMS) configured to
sense the air pressure or the temperature of the tire by a
wireless communication with a sensor provided 1n a tire or in
the 1nterior of a wheel of the vehicle.

Subsequently, the technical idea understood from the
embodiment and other examples described above will be
added below.

An antenna drive apparatus having a drive control unit and
an antenna electrically connected to the drive control unit via
a {irst connecting line and via a second connecting line, and
driven by an AC signal supplied from the drive control unit at
a first resonant frequency, including: a first driven member
clectrically connected to the drive control unit via the first
connecting line and via the second connecting line in parallel
with the antenna and driven by an AC signal supplied from the
drive control unit at a second resonant frequency different
from the first resonant frequency; a sensing member electri-
cally connected to the drive control unit via the first connect-
ing line and via the second connecting line 1n parallel with the
antenna and driven by a DC signal supplied from the drive
control unit, the sensing member being capable of sensing
approach or contact of a person and configured to output a
sensing signal indicating the fact that the approach or the
contact has been sensed to the drive control unit via the first
connecting line; and a stop mechamsm configured to stop a
function of the sensing member when an AC signal supplied
to the antenna or the first driven member 1s sensed.

In this configuration, the antenna 1s driven by the AC si1gnal
having the first resonant frequency supplied from the drive
control unit via the first connecting line and via the second
connecting line. At this time, although the AC signal having
the first resonant frequency 1s supplied also to the first driven
member from the drive control unit via the first connecting,
line and via the second connecting line, since the first reso-
nant frequency 1s different from the second resonant fre-
quency, the first driven member 1s prevented from being
driven.

In contrast, the first driven member 1s driven by the AC
signal having the second resonant frequency supplied from
the drive control unit via the first connecting line and via the
second connecting line. At this time, although the AC signal
having the second resonant frequency 1s supplied also to the
antenna from the drive control unit via the first connecting
line and via the second connecting line, since the second
resonant frequency 1s different from the first resonant fre-
quency, the antenna 1s prevented from being driven.

The sensing member 1s driven by the DC signal supplied
from the drive control unit via the first connecting line and via
the second connecting line, and 1s capable of sensing
approach or contact of a person. The sensing member outputs
the sensing signal indicating the fact that the approach or the
contact has been sensed to the drive control unit via the first
connecting line. However, when the AC signal to be supplied
to the antenna or the first driven member 1s sensed, the func-
tion of the sensing member 1s stopped by the stop mechanism.
Therefore, the sensing member does not perform a sensing
action at the same time when the antenna or the first driven
member 1s driven. In addition, since the sensing member does
not output the sensing signal when the antenna or the first
driven member 1s driven, the probability of erroneous sensing
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or the like by the sensing signal being superimposed with the
first connecting line 1s reduced.

When the DC signal 1s supplied to the sensing member, the
DC signal 1s supplied also to the antenna and the first driven
member. However, the DC signal 1s cut in the respective
resonant circuits (capacitors), and hence the antenna and the
first driven member are not driven.

In this manner, even though the number of the connecting,
lines with respect to the drive control unit 1s reduced, each of
the antenna, the first driven member, and the sensing member
may be operated adequately. Then, since the number of the
clectric wires for electrically connecting with the drive con-
trol unit can be reduced, reduction in size and weight as an
entire apparatus 1s achieved correspondingly.

The antenna drive apparatus described above, which fur-
ther includes a second driven member electrically connected
to the drive control unmit via the first connecting line and via the
second connecting line in parallel with the antenna and driven
by an AC signal supplied from the drive control unit at a third
resonant frequency different from the first resonant frequency
and the second resonant frequency.

In this configuration, even though the second driven mem-
ber 1s further provided, the second driven member may be
driven adequately with reduced number of connecting lines
with respect to the drive control unait.

The antenna drive apparatus described above, wherein the
second connecting line 1s a housing configured to ground the
drive control unit and the antenna, the first driven member and
the sensing member.

In this configuration, the second connecting line 1s com-
posed of the housing. Therefore, since the electric wire needs
not to be laid over the entire part with respect to the drive
control unit as the second connecting line, further reduction in
s1ize and weight 1s achieved as the entire apparatus corre-
spondingly.

According to these configurations, there 1s provided an
antenna drive apparatus capable of reducing the number of
connecting lines with respect to a drive control unit without
impairing reliability of a sensing member configured to sense
approach or contact of a person.

(1) The antenna drive apparatus according to any one of the
configurations described above, further including pluralities
of LC series resonant circuits and light-emitting diodes as the
driven members, wherein

the plurality of light-emitting diodes emit emission colors
different from each other, and

the plurality of the light-emitting diodes are selectively
driven by an AC signal having resonant frequencies different
from each other as the second resonant frequency supplied to
the corresponding L.C series resonant circuit from the drive
control unit via the first connecting line and via the second
connecting line. In this configuration, the plurality of the
light-emitting diodes having the emission colors different
from each other may be driven selectively.

(11) The antenna drive apparatus according to any one of the
configurations described above, further including

an LC series resonant circuit and a light-emitting diode as
the driven members, and

an LC series resonant circuit and a buzzer as the driven
members, wherein

the light-emitting diode and the buzzer are selectively
driven by an AC signal having resonant frequencies different
from each other as the second resonant frequency supplied to
the corresponding L.C series resonant circuit from the drive
control unit via the first connecting line and via the second
connecting line. In this configuration, the light-emitting diode
and the buzzer may be selectively driven. Therefore, notifi-
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via a first connecting line and via a second connecting line,
and driven by an AC signal supplied from the drive control

unit at a first resonant frequency, comprising:

15

cation by light of the light-emitting diode and notification by
the sound of the buzzer may be selectively utilized so as to
match the surrounding environment, for example.

(111) The antenna drive apparatus according to any one of

a first driven member electrically connected to the drive

the configurations described above and the above-described 53 control unit via the first connecting line and via the
(1) and (11), second connecting line 1n parallel with the antenna and
the drive control unit includes a plurality of switching driven by the AC %ignal SuI;plied from the drive control
clements connected to the battery power source and controls unit at a second resonant frequency different from the
the cycle of the switching action of the switching element to first resonant frequency:
change the frequency of the AC signal. In this configuration, 10 . ber electr: jll 410 the dr
the frequency of the AC signal may be changed in an o SEBILE MEMEL ~ cctrically §0nn§cte o t. & SHVE COL
. L . . trol unit via the first connecting line and via the second
extremely simple circuit configuration such as controlling the L . .
L . . 1 connecting line 1n parallel with the antenna and driven
switching actions of the plurality of switching elements. : , , _
(iv) The antenna drive apparatus according to (iii) by a DC signal supplied from the drive control unit, the
described above, wherein 5 sensing member being capable of sensing approach or
the drive control unit changes an output of the AC signal by contact 01? 4 person and configured to output a sensing
controlling the duty ratio of the switching actions of the signal indicating the fact that the approach or the contact
plurality of switching elements. In this configuration, an out- has beep 5‘31_133(1 to the drive control unit via the first
put of the antenna or the like may be adjusted by changing the connecting line; and
output of the AC signal by controlling the duty ratio of the 20  a stop mechanism configured to stop a function of the

switching actions of the plurality of switching elements by
the drive control unit.

The principles, preferred embodiment and mode of opera-
tion of the present invention have been described in the fore-
going specification. However, the invention which 1s intended
to be protected 1s not to be construed as limited to the par-
ticular embodiments disclosed. Further, the embodiments
described herein are to be regarded as 1llustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spirit
of the present invention. Accordingly, it 1s expressly intended
that all such vanations, changes and equivalents which fall
within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.

What is claimed 1s:

1. An antenna drive apparatus having a drive control unit
and an antenna electrically connected to the drive control unit
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sensing member when the AC signal supplied to the
antenna or the first driven member 1s sensed.

2. The antenna drive apparatus according to claim 1, fur-

ther comprising;:

a second driven member electrically connected to the drive
control unit via the first connecting line and via the
second connecting line in parallel with the antenna and
driven by the AC signal supplied from the drive control
unit at a third resonant frequency different from the first
resonant Ifrequency and the second resonant frequency.

3. The antenna drive apparatus according to claim 1,

wherein

the second connecting line 1s a housing configured to

ground the drive control unit and the antenna, the first
driven member and the sensing member.
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